Northeast Fisheries Science Center Reference Document 05-15

Economic Analysis

of Alternative Harvest Strategies
for Eastern Georges Bank Haddock
[5Zjm; 551, 552, 561, 562]

by

Eric M. Thunberg, Doreen S.K. Liew,
Charles M. Fulcher, and Jon K.T. Brodziak

October 2005



04-12

04-13

04-14

05-01

05-02

05-03

05-04

05-05

05-06

05-07

05-08

05-09

05-10

05-11

05-12

05-13

05-14

Recent Issues in This Series

Description of the 2003 Oceanographic Conditions on the Northeast Continental Shelf. By C. Bascufian,
M.H. Taylor, and J.P. Manning. September 2004.

Ninth Flatfish Biology Conference, December 1-2, 2004, Water’s Edge Resort, Westbrook, Connecticut.
By R. Mercaldo-Allen (chair), A. Calabrese, D.J. Danila, M.S. Dixon, A. Jearld, D.J. Pacileo, C. Powell, and S.J.
Sutherland, steering committee members. November 2004.

Northeast Fisheries Science Center Publications, Reports, and Abstracts for Calendar Year 2003. By L.
Garner. November 2004.

Results from the 2004 Cooperative Survey of Atlantic Surfclams. By J.R. Weinberg, E.N. Powell, C. Pickett,
V.A. Nordahl, Jr., and L.D. Jacobson. February 2005.

Proceedings of a Workshop to Review and Evaluate the Design and Utility of Fish Mark - Recapture
Projects in the Northeastern United States; October 19-21, 2004; Nonantum Resort, Kennebunkport, Maine.
By Workshop Organizing Committee (S. Tallack, editor, P. Rago, chairperson, T. Brawn, workshop coordinator,
and (alphabetically) S. Cadrin, J. Hoey, and L. Taylor Singer. March 2005.

Description of the 2004 Oceanographic Conditions on the Northeast Continental Shelf. By M.H. Taylor, C.
Bascufian, and J.P. Manning. April 2005.

40th SAW Assessment Report. By 40th Northeast Regional Stock Assessment Workshop. April 2005.

Effectiveness of a Square-Mesh Escape Panel in Reducing Finfish Bycatch in a Small-Mesh Bottom Trawl
Used in the Longfin Inshore Squid (Loligo pealeii) Fishery. By L. Hendrickson. June 2005.

Use of the Historic Area Remediation Site by Black Sea Bass and Summer Flounder. By M.C. Fabrizio, J.P.
Pessutti, J.P. Manderson, A.F. Drohan, and B.A. Phelan. June 2005.

Benthic Macrofauna and Associated Hydrographic Observations Collected in Newark Bay, New Jersey,
between June 1993 and March 1994. By L.L. Stehlik, S.J. Wilk, R.A. Pikanowski, D.G. McMillan, and E.M.
MacHaffie. July 2005.

Mortality and Serious Injury Determinations for Large Whale Stocks along the Eastern Seaboard of the
United States, 1999-2003. By T.V.N. Cole, D.L. Hartley, and R.L. Merrick. July 2005.

NEFSC Bycatch Estimation Methodology: Allocation, Precision, and Accuracy. By P.J. Rago, S.E. Wigley,
and M.J. Fogarty. August 2005.

41st SAW Assessment Summary Report. By 41st Northeast Regional Stock Assessment Workshop. August
2005.

Expanding Opportunities in Oceanic and Atmospheric Sciences Ill: Proceedings of the Third National
Conference to Strengthen the Links among HBMSCUs, NOAA, Business, and Graduate Studies in Marine
and Atmospheric Sciences. By A. Jearld, Jr., and D. Peloquin, compilers. August 2005.

Total Bycatch Estimate of Loggerhead Turtles (Caretta caretta) in the 2004 Atlantic Sea Scallop (Placopecten
magellanicus) Fishery. By K.T. Murray. August 2005.

Assessment of 19 Northeast Groundfish Stocks through 2004: 2005 Groundfish Assessment Review Meet-
ing (2005 GARM), Northeast Fisheries Science Center, Woods Hole, Massachusetts, 15-19 August 2005.
By R.K. Mayo and M. Terceiro, editors. September 2005.

41st SAW Assessment Report. By the 41st Northeast Regional Stock Assessment Workshop. September 2005.



Northeast Fisheries Science Center Reference Document 05-15

Economic Analysis
of Alternative Harvest Strategies
for Eastern Georges Bank Haddock
[SZjm; 551, 552, 561, 562]

by

Eric M. Thunberg'?, Doreen S.K. Liew**,
Charles M. Fulcher!®, and Jon K.T. Brodziak"¢

Postal Addresses: 'U.S. Dept. of Commerce, NOAA, National Marine Fisheries Serv., 166 Water St., Woods Hole, MA 02543
“Fisheries and Oceans Canada, Policy and Economics Br., 176 Portland St., 6" Fl1., Dartmouth, NS B2Y 4T3
E-Mail Addresses:  3Eric. Thunberg@noaa.gov, *LiewD@mar.dfo-mpo.qc.ca, >Charles. Fulcher@noaa.gov, *Jon.Brodziak@noaa.gov

U.S. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
National Marine Fisheries Service
Northeast Fisheries Science Center
Woods Hole, Massachusetts

October 2005



Northeast Fisheries Science Center Reference Documents

This series is a secondary scientific series designed to assure the long-term documentation and
to enable the timely transmission of research results by Center and/or non-Center researchers,
where such results bear upon the research mission of the Center (see the outside back cover for
the mission statement). These documents receive internal scientific review but no technical or
copy editing. The National Marine Fisheries Service does not endorse any proprietary material,
process, or product mentioned in these documents.

Alldocuments issued in this series since April 2001, and several documents issued prior to that
date, have been copublished in both paper and electronic versions. To access the electronic version
ofadocumentinthis series, goto Attp.//www.nefsc.noaa.gov/nefsc/publications/series/crdlist. htm.
The electronic version will be available in PDF format to permit printing of a paper copy directly
from the Internet. If you do not have Internet access, or if a desired document is one of the pre-
April 2001 documents available only in the paper version, you can obtain a paper copy by
contacting the senior Center author of the desired document. Refer to the title page of the desired
document for the senior Center author's name and mailing address. If there is no Center author,
orifthereis corporate (i.e., non-individualized) authorship, then contact the Center's Woods Hole
Laboratory Library (166 Water St., Woods Hole, MA 02543-1026).

This document’s publication history is as follows: manuscript submitted for review --
September 28, 2005; manuscript accepted through technical review -- September 28, 2005;
manuscript accepted through policy review -- September 30, 2005; and final copy submitted for
publication -- October 18, 2005. This document may be cited as:

Thunberg, EM; Liew, DSK; Fulcher, CM; Brodziak, JKT. Economic analysis of alternative
harvest strategies for eastern Georges Bank haddock [5Zjm; 551, 552, 561, 562]. U.S. Dep.
Commer., Northeast Fish. Sci. Cent. Ref. Doc. 05-15; 42 p. Available from: National Marine
Fisheries Service, 166 Water Street, Woods Hole, MA 02543-1026.




Table of Contents

EXECULIVE SUIMIMAIY ... .viiiee ettt st e s e st e e te et e et e s be e s te e st e e e meeeneeesteesteesmeesseesneesseeaneeeneeenseenreeas v
1. INTRODUCGTION ..ottt sttt bbbt b bbb e e st s e e bt st e b et st neeneens 1
2. GLOBAL HADDOCK SUPPLY OVERVIEW .....ccocoiiiiiiiiiieieiee et 2
2.1 WOrld HaddOoCK LAnQiNgS.......ccueieiiiiiieeie e e seesie e ste st steesaee e teeste e teestaeaneeeaeesreesraesseesseesnnes 2
2.2 United States — Canada HaddoCK MAarKets ..........cccooeiiiiiiiiiiinieee e 4
LOF=T 0= To £ N OSSR SRRSO 5

LT (=0 S - (=TSSR 6

Overall size of the United States — Canada Market............ccoocoeiiiiiiiiene e 7

2.3 RESOUICE OULIOOK .. .viiiiiitiicii ettt ettt e be e e te e st e e st e e s baeetbeesbeesbeesbeebeesbeesraesanas 8

3. UNITED STATES - CANADA HADDOCK MARKET ECONOMETRIC MODEL ........cccccceuenennee. 9
3.1 MOdeling CONSIABIALIONS. .....c.viiieiieeiee sttt e et e s e e e e te e st e e st e s reeaseeenteesteesreesreenreenreesenes 9
3.2 Econometric Model of the United States — Canada Haddock Market............cccoovriiininiininnnn, 10
Demand for Fresh Whole Canadian IMPOITS ..........ccooiiiiiiiiieieceesese e 10

Supply of Fresh Whole Canadian ImMPOrTS..........covieiieieiiisesiesese e 11

United StateS EX-VESSEI PIICE .......ccciiiiiiiiiiiesie et 11
Canadian EX-VESSEl PriCE ......cciic ittt ettt e be e sbe e re e s aee e 12

R T B |- WO PO P TP 12
B RESUIES. ...ttt ettt R ettt R e et E e R e Rt Rt e s bt eb e e Rt e neeebeeeenreeneenreas 12

4. ECONOMIC FORECAST OF DIFFERENT HARVEST STRATEGIES........ccooviiiiienee e 15
4.1 Proposed Harvest Strategies for Eastern Georges Bank HaddockK..............cccoeveiiiiinniiincnens 15
4.2 Procedures for Estimating Economic Effects of Different Harvest Strategies .........c.ccocveevivernnnne 16
4.3 Results of ECONOMIC PrOJECLIONS ......ccviiieiiiiiiiie ettt sttt st st sre e e 17
Constant Harvest Strategy 1: 30,000 M........coooiiiiieiiiieie e 18

Constant Harvest Strategy 2: 40,000 ME.......cuiiiiiiiiiieii e 20

Constant Harvest Strategy 3: 50,000 ML.........cooiiiiiiiiriirere e e see e e seee e 22

Current Harvest Strategy: Fret = Famsy = 0.26 . cooiiiiiii e 23

Harvest Strategy COMPATISON........cuiiiiieieeie ettt ettt s este e steereeneeseeaneenresneeneenes 25

4.4 SENSITIVILY ANGIYSIS ..oeeiviiieieiie et s e s e st e e be e s reeaneeaseeesteesreesaesnaeenteenreens 27
DISCOUNT RALE ...ttt bbbttt bbb bbbttt b bbbt ens 27
Variability in Projected YIeld ..ot 28
Alternative Environmental CONAITIONS ..........cc.oiiiiiiiiiiie e 29

5.0 SUMMANY QN0 CAVEALS. ......cviivierieieiteeie sttt este et e st et e te et e s te s e e b e ste et e s testeesaesbeessesbessaebeeneesreaneenee e 31
] (=] g [ =TSSP 32

List of Tables

Table 1. Haddock Landings by Fishing Area, 2001-2003 (ML) ....ccvviiiiiieiieie e 3
Table 2. Canadian and U.S. Haddock Imports and Exports, 2003 (US $1,000).........ccccccvevvieevieneieennene. 6
Table 3. United States Imports of Haddock Products by Country, 2003 (US$1,000)........cccccevevvrvernenne. 7
Table 4. Haddock TACs and Predicted Catches of Selected Stocks, 2004-2006 (ML) .....ccovvvvrenverieieennnn 9
Table 5. Results of Estimated United States — Canada Market Model ............cccoooiiiiiinniiiie e 14
Table 6. Monthly Average Values for Exogenous Variables (2001-2003).........ccccoeviviiievieiesiiesieseeriennens 16
Table 7. Reduced Form Coefficients for Predicted Prices and Import QuUantity .........c.cccccevvvvvinenerennenn, 17

Table 8. Summary of Landings from Sources Other than the Eastern Georges Bank Haddock Resource 18
Table 9. Projected Annual Landings for a 30 Thousand MT Constant Harvest Strategy of Eastern

Georges Bank HAAAOCK ...........ccviiiiiiicc et 18
Table 10. Predicted Values for Prices, Import Quantities and Gross Sales for 30 Thousand MT Constant
Harvest Strategy of Eastern Georges Bank HaddoCK ...........ccccceviviiinincinese e 19



Table 11. Predicted Value of Import and Harvest Revenues in The U.S. and Canada for a 30 Thousand
MT Constant Harvest of Eastern Georges Bank HaddocK ............cocoooeiiiiriiiniciieicne e 20
Table 12. Projected Annual Landings for a 40 Thousand MT Constant Harvest Strategy for Eastern
Georges Bank HaddOCK ..o 20
Table 13. Predicted Values for Prices, Import Quantities and Gross Sales for 40 Thousand MT Constant
Harvest Strategy for Eastern Georges Bank HaddoCK...........c.coccevvviiieiiiiicvic e 21
Table 14. Predicted Value of Import and Harvest Revenues in The U.S. and Canada for a 40 Thousand
MT Constant Harvest of Eastern Georges Bank HaddockK ..., 21
Table 15. Projected Annual Landings for a 50 Thousand MT Constant Harvest Strategy for Eastern
Georges Bank HAAAOCK ...........coviiiiiiice et 22
Table 16. Predicted Values for Prices, Import Quantities and Gross Sales for 50 Thousand MT Constant
Harvest Strategy for Eastern Georges Bank HaddocK ..o 22
Table 17. Predicted Value of Import and Harvest Revenues in The U.S. and Canada for a 50 Thousand
MT Constant Harvest of Eastern Georges Bank HaddocCK ............cccccvvevieiiiiciiiieccie e 23
Table 18. Projected Annual Landings for a Constant Fishing Mortality Harvest Strategy of Fre=0.26 for
Eastern Georges Bank HaddOCK ..........c.cocveiiiiiiiic s st 24
Table 19. Predicted Values for Prices, Import Quantities and Gross Sales for a Constant Fishing Mortality
Harvest Strategy of Fre=0.26 for Eastern Georges Bank HaddocK ..........c..ccoccevviviiviienciine, 24
Table 20. Predicted Value of Import and Harvest Revenues in The U.S. and Canada for a Constant
Fishing Mortality Harvest Strategy of Fre=0.26 for Eastern Georges Bank Haddock .............. 25
Table 21. Summary of Projected Landings by Harvest Strategy (1,000 Mt) .........ccocorireriiiininenenenenn 25
Table 22. Predicted Import Quantities and Nominal Value of Sales by Harvest Strategy ...........ccccceveneeen 26
Table 23. Predicted Nominal Value of Eastern Georges Bank Haddock Ex-Vessel Harvest Revenue to
Canadian and US VESSEIS ......couiiiiiiiieiee sttt 27
Table 24. Sensitivity of Present Value Calculations to the DiSCOUNt RAtE ...........ccocvvvirieieieeiesreiesie e 28
Table 25. Summary of Projected Landings by Harvest Strategy for Favorable Environmental Conditions
(Z,000 ML) 1ttt E bttt bt b e bbbttt ene s 29
Table 26. Sensitivity of Present Value Calculations Under Long-Term Average Environmental
O] T 1110} 1 <SSO 30
List of Figures
Figure 1. Geographic Distribution of HaddOCK............ccccviiieiieiiccc e 2
Figure 2. Haddock Landings by Major Fishing Regions, 1950-2003...........cccceveiiieiieiiiieeresieeee e seenie e 4
Figure 3. Haddock Landings from the Northwest Atlantic, 1950-2003............ccccvirinineneieeesee s 4
Figure 4. Haddock Imports and Exports, Canada (C$000), 1990-2004.............cceovrmrrreierinsreereneeereneeneens 5
Figure 5. Estimated United States - Canada Haddock Market Size, 2003...........ccceviiviiieveiiene e 8
Appendices
Appendix A. Market Model ASSESSMENT .........coiiiiiieie ettt te e e tesneeneenes 33
Appendix B. Data for Haddock Market MOGEL...........c.ooiiieiiee et 39



Executive Summary

This report examines the potential economic benefits of pursuing alternative harvest strategies
for the Eastern Georges Bank haddock resource. Pursuit of this line of inquiry was prompted by
the potential market impacts of the size of the 2003 year class of haddock; once thought to be
900 million fish but now assessed at 365 million age-1 fish. Even at this smaller size, the 2003
year class is large enough to have a material affect on haddock markets.

Estimation of economic effects on ex-vessel prices to United States and Canadian fishermen and
effects on import quantities and prices was accomplished by applying an econometric model to
projected landings under four alternative harvest strategies for Eastern Georges Bank haddock;
constant catch of 30,000 mt, constant catch of 40,000 mt, constant catch of 50,000 mt, and
constant fishing at Frer = 0.26. The econometric model was estimated using monthly data from
1989 to 2003 and was based on processor raw material demand for fresh whole haddock.

Per guidance provided by the TRAC, projections of Eastern Georges Bank haddock landings
were accomplished a using a stochastic approach. Specifically, realizations of recruitment were
generated using two-stanza re-sampling from the empirical cumulative distribution functions
below and above approximately 40,000 mt adult (ages 3+) biomass. Mean weights at age and
partial recruitment were based on the most recent 3-year averages. Landings from the Western
Georges Bank were calculated by subtracting projected Eastern Georges Bank haddock landings
from landings projected for the entire stock area (Eastern and Western areas). The latter used
stochastic projection methods based on advice from the Groundfish Assessment Review Meeting
held in Woods Hole in August, 2005. Landings from non-Georges Bank sources of haddock
were held constant at their most recent 3-year average.

The 30,000 mt constant catch strategy would be first achieved in 2007 and would be maintained
through 2014. The 40,000 mt constant catch strategy would be first achieved in 2007 and would
continue through 2012. The 50,000 mt constant catch strategy would be reached in 2007 and
could be maintained through 2009. Of these strategies, harvesting at a constant Fres produced the
highest present value of ex-vessel revenues in both the United States and in Canada and
produced the highest present value of import sales of haddock from Canada to the United States.
This finding was robust with respect to the choice of discount rate and assumed weights-at-age.
Taking uncertainty over projected landings into account, also favored the constant Fres Strategy
as it more readily takes advantage of future recruitment events.

Of the alternative constant catch strategies evaluated herein the 50,000 mt constant catch strategy
came closest to the revenue streams predicted for the constant Fger Strategy. In fact, the projected
landings between the two harvest strategies were quite similar since harvest at 50,000 mt would
be sustained for only three years and there were only minor differences in accumulated benefit
streams.
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1. INTRODUCTION

This report examines the potential economic benefits of pursuing alternative harvest strategies
for the Eastern Georges Bank haddock resource. Pursuit of this line of inquiry was prompted by
the potential market impacts of the size of the 2003 year class of haddock; once thought to be
900 million fish but now assessed at 365 million age-1 fish. Even at this smaller size, the 2003
year class is still considered to be very large. A harvest strategy that differs from that of current
recommendations would have market effects on ex-vessel markets in both the United States and
Canada and would affect trade in haddock products between the two countries.

In this report, we evaluate the impact of alternative harvest strategies for the Eastern Georges
Bank haddock resource on ex-vessel prices in the United States and in Canada, and estimate how
these changes would affect prices and import quantities of fresh whole haddock from Canada.
The first section of the report provides an overview of global haddock supplies and the role of
U.S. and Canadian haddock in domestic as well as international markets. The second section
describes an econometric model developed to forecast how changes in haddock supplies affect
import sales and revenues received by Canadian and U.S. vessels. The third section contains a
discussion of several key assumptions and briefly describes how the econometric model was
applied to a series of projected landings streams provided per guidance from the TRAC. The
fourth section presents economic forecasts for four different harvest strategies; constant fishing
mortality (Frer = Fmsy = 0.26) and constant harvests of 30,000, 40,000, and 50,000 mt.
Sensitivity analyses of the selected discount rate, the likelihood of achieving the highest benefit
stream, and the effect of different average weights-at-age are presented in a fifth section. A final
section provides conclusions, and discusses factors that were not possible to quantify yet may
affect the economic impacts of a change in harvest strategy.

The landings streams produced under TRAC guidance for the purposes of this report were
developed using a stochastic projection method. As such, the landings reported herein differ
from those provided in the TRAC Status Report 2005/02. The TRAC used the stochastic
projection method due to uncertainty over whether, and for how long, a given stream of constant
harvest levels could be realized. A stochastic approach is better suited to this line of inquiry and
has been used for exploratory purposes where a change in harvest strategy is being considered.
The projected landings serve the purpose of providing input data only for the economic analysis
(which itself is exploratory) and should not be used for purposes of quota setting. Additionally,
where projections of landings were made (Eastern and Western Georges Bank resource areas)
they were based on what would be allowable given the harvest strategy and prevailing resource
conditions.



2. GLOBAL HADDOCK SUPPLY OVERVIEW

2.1 World Haddock Landings

There are two major haddock fishing regions in the world, the Northeast Atlantic/Arctic and the
Northwest Atlantic (shaded red areas in Figure 1). In the Northeast Atlantic/Arctic, the main
fishing areas are the Barents Sea, the Norwegian Sea, the North Sea, and the waters around
Iceland, the Faroe Islands, and west of Scotland. In the Northwest Atlantic, the main fishing
areas are on the Scotia Shelf (NAFO Areas 4TVW and 4X), Gulf of Maine (NAFO Area 5Y)
Georges Bank (5ZE) and the Eastern United States.

Flgure 1. Geographlc Dlstrlbutlon of Haddock

Source: FAO - Fisheries Global Information System (FIGIS)

The Northeast Atlantic/Arctic region has accounted for over 90% of the world haddock landings
in recent years. In 2003, landings from the Northeast Atlantic/Arctic totalled about 252,000 mt
(Table 1). This compares to about 23,000 mt caught from the Northwest Atlantic. World
landings from 1950-2003 have ranged from a low of 190,000 mt (in 1992) to a high of 960,000
mt (in 1970), and averaged 427,000 mt (Figure 2). In 2003, landings of 275,200 mt were about
64% of the long term average.



Table 1: Haddock Landings by Fishing Area, 2001-2003 (mt)

Region 2001 2002 2003
Northeast Atlantic/Arctic
Barents Sea (|) 35,071 40,559 53,124
Norwegian Sea (I1a) 39,449 30,630 36,124
Spitzbergen/Bear Island (11b) 7,323 12,537 7,743
Skagerrak/Kattegat (I11a) 2,121 4,194 1,808
North Sea (1V) 46,837 56,328 43,428
Iceland (Va) 39,647 50,469 60,884
Faroes (Vb) 16,530 25,131 26,865
West of Scotland (Vla) 6,432 7,073 5,776
Rockall (VIb) 2,036 3,123 6,055
Irish Sea (Vlla) 1,380 2,498 1,972
Celtic Sea & West of Ireland (V11b-k) 8,746 6,813 7,804
Total Northeast Atlantic/Arctic* 205,572 239,355 251,583
Northwest Atlantic
Canada: 4TVW+4X5Y 8,819 8,480 8,982
Canada: Georges Bank 6.774 6.489 6,789
Canada: Total® 15,593 14,969 15,771
U.S: Eastern Georges Bank 608 916 1,563
U.S.: Western Georges Bank 4,022 5,414 4,001
U.S: Gulf of Maine 1,196 1,211 1,221
U.S: Total® 5,826 7,541 6,785
Other Countries’ 134 329 418
Total Northwest Atlantic 21,553 22,839 22,974
GRAND TOTAL 227,125 262,194 274,557

1. Source: ICES Advice 2004, ACFM/ACE Report. Stock descriptions in parenthesis are ICES Fishing

Areas.
2. Source: DFO Statistics.

3. Source: National Marine Fisheries Service (NMFS).
4. Source: FAO

Until the mid- 1960’s, total landings from the Northwest Atlantic area were in the 100,000 to
200,000 mt range, and reached a high of 246,000 in 1965 (Figure 3). Since then, landings have
been significantly lower and fell to a record-low of 7,300 mt in 1994. Landings in 2003 were
about 23,000 mt.



Figure 2: Haddock Landings by Major Fishing Regions, 1950-2003
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Figure 3: Haddock Landings from the Northwest Atlantic, 1950-2003
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2.2 United States — Canada Haddock Markets

Currently, haddock landings from the Northwest Atlantic are mainly sold in the New England
states and in Canada. In addition, landings from the Northeast Atlantic/Arctic are imported,
making Canada and U.S. collectively a net importer of primary haddock products. Primary
products in this context includes fresh or frozen whole or dressed fish, fillets or blocks and also
salted or dried haddock.



Canada

Since 1994, Canada imports as much as it exports of primary haddock products, measured in
dollar value (Figure 4). Imports are mostly frozen fillets and to a lesser extent, frozen whole
fish. Exports are mainly fresh whole dressed fish. In 2003, Canada imported the equivalent of
about 18,100 mt of haddock in round weight, while it exported the equivalent of about 12,500
mt, and thus was a net importer of primary haddock products. Estimated Canadian
“consumption” of primary haddock products in 2003 was about 21,300 mt (landings of 15,700
mt plus net imports of 5,600 mt). Note that “consumption” here is of primary haddock product
forms. Some of the primary products may have been sold directly to consumers or to processors
to be further processed and exported. The flow of the secondary product is not traced here.

Figure 4: Haddock Imports and Exports, Canada (C$000), 1990-2004
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Canada imports mainly from the United Kingdom, Norway, Russia and China. Since 2000,
China has emerged as a major player in imports of processed haddock products to Canada. In
1999, there were hardly any haddock imports from China. In 2000, it accounted for 14% of the
haddock import value, and by 2003, that percentage had risen to 60%. These fish are
predominantly imported in a frozen fillet form, but the country/countries of origin for the raw
material supporting China’s exports are not known. Almost all of Canada’s haddock exports are
to the U.S. Table 2 shows the imports and exports of haddock by country.



Table 2: Canadian and U.S. Haddock Imports and Exports, 2003 (US $1,000)

Exports From Imports By
Canada United States’ Other Countries Total
Canada 24,605 23 24,628
United States 555 64 615
Iceland 209 43,542 n/a
Norway 2,649 14,808 n/a
Faroes Islands 0 5,768 n/a
United Kingdom 2,766 77 n/a
Russia 1,837 2,944 n/a
China 14,496 1,641 n/a
Others 1,765 689 n/a
Total 24,273 94,074

1. Figure on imports into Canada from the U.S. was from Statistics Canada, converted to US$.
2. Source: National Marine Fisheries Service (NMFS)

United States

The United States is a net importer of primary haddock products and exports very little. Total
imports in 2003 were about US$94.1 million, of which US$24.6 million were from Canada
(Table 2).

Imports consist of fresh and frozen fillets, and also fresh and frozen whole fish. The U.S.
imports the equivalent of about 52,000 mt of round fish while exports are negligible. U.S.
landings of 6,800 mt plus the net imports of 52,000 mt puts the U.S. “consumption” at about
58,800 mt in 2003.

The U.S. imports mainly from Iceland, Canada and Norway. Canada supplies mostly fresh whole
fish while Iceland supplies mainly fresh and frozen fillets. The 2003 value of U.S. imports by
country and product form are tabulated in Table 3.



Table 3:

United States Imports of Haddock Products by Country, 2003 (US$1,000)

Fresh Frozen
COUNRTY Fresh | Fresh | Total | Frozen Frozen |Frozen |Frozen | Total % of

Fillets Fillets Fillets Meat Total | Total

Blocks

Canada 22,050 | 1,747 |23,797 112 616 77 3 808 | 24,605 26.2
China 1,570 71 1,641 | 1,641 1.7
Denmark 531 531 531 0.6
Faroes Is. 911 4,619 201 37 | 5,768 | 5,768 6.1
Finland 9 9 9 0.0
Iceland 9 112,670 | 12,679 1,847 | 27,792 7| 1,217 30,863 |43,542 46.3
Norway 4 4 854 7,339 | 6,611 14,804 | 14,808 15.7
Poland 78 78 78 0.1
Portugal 38 38 38 0.0
Russia 634 2,180 130 2,944 | 2,944 3.1
South Korea 8 8 8 0.0
St.Pierre&Miquelon 13 10 23 23 0.0
United Kingdom 77 77 77 0.1
Total 22,059 (14,430 |36,489 6,057 | 43,172 | 7,097 | 1,257 |57,583 |94,072 | 100.0'
% Share 235 15.3 38.8 6.4 459 75 1.3 61.2 | 100.0

1 Percentages do not sum to 100% due to rounding.
Source: National Marine Fisheries Service (NMFS)

Overall size of the United States — Canada Market

The estimated overall size of the United States - Canada market was the equivalent of about

80,100 mt of round haddock in 2003. Of these, landings from the Northwest Atlantic were
22,556 mt (Canada, 15,771 mt and U.S., 6,785 mt). Landings from the Northwest Atlantic

account for only 28% of the total Canadian and U.S. “consumption” of primary haddock
products. This leaves net imports of about 72% or the equivalent of 57,600 mt of round fish
from the landings of the Northeast Atlantic/Arctic to supply the overall United States - Canada

market. Figure 5 shows the relative sizes of the Canadian and U.S. market. The total area

shaded in yellow shows the estimated amount of haddock imported into the combined Canadian

and U.S. market.




Figure 5: Estimated United States - Canada Haddock Market Size, 2003
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2.3 Resource Outlook

The major stock areas in the Northeast Atlantic/Arctic in 2003 are Iceland (comprising of 24% of
total landings), Barents Sea (21%), North Sea (17%), Norwegian Sea (14%) and Faroe Islands
(11%). Outlook for 2006 for some of the major stock areas are presented in Table 4. It appears
that the only major stock area in the Northeast Atlantic/Arctic with a predicted increase in
catches in 2006 is Iceland. This is somewhat offset by the slight declines in the Barents Sea,
Norwegian Sea and Faroe Islands. Predicted allowable catches of haddock from the Western
Georges Bank area in the U.S. are greater than the proposed TAC for the Eastern Georges Bank
area. However, just as U.S. landings from the Eastern Georges Bank area have been well below
allowable TACs due to management actions taken to protect other groundfish species in the U.S.
EEZ, realized landings from the Western Georges Bank area are likely to be well below
allowable levels.



Table 4: Haddock TACs and Predicted Catches of Selected Stocks, 2004-2006 (mt)

TAC TAC Predicted Allowable
2004 2005 Catch
2006
Northeast Atlantic/Arctic*
Barents Sea, Norweigian Sea & 130,000 117,000 < 112,000
Spitzbergen (1, lla & 1lb)
North Sea (IV)? 77,000 66,000 n.a.
Iceland (Va) 75,000 90,000 < 110,000
Faroe (Vb)? 21,000 19,000 18,000
Northwest Atlantic*
Eastern Georges Bank 15,000 23,000 22,000
Canada: 4VW+4X5Y 10,000 8,000 n.a.
U.S.: Western Georges Bank na.’ n.a. 23,000°

Source: ICES Advice 2005.

Source: Aberdeenshire Council Fisheries Statistics: TACs and Quotas 2005, June 2005.

TACs not available, figures are predicted catches.

Sources: DFO, NMFS and TRAC Status Reports.

Not applicable because the U.S. does not set TACs by area.

Preliminary projections based on advice from the Groundfish Assessment Review Meeting August, 2005

oukrwbhE

3. UNITED STATES — CANADA HADDOCK MARKET ECONOMETRIC MODEL

3.1 Modeling Considerations

The economic implications of a change in haddock harvest strategy will depend on how
international markets adjust to the change and how these adjustments are transmitted through the
marketing chain to prices received in ex-vessel markets. Although no known studies of
international markets for haddock have been conducted, available studies (Gordon and
Hannesson 1996; Asche and Hannesson, 2002) of the cod market suggest that linkages between
North American (United States and Canada) and European markets exist, but they are weak,
while links within the two regional markets are strong. This means that the North American
market for cod can be modeled separately from the European market and we assume that the
same is likely to be true for haddock.

In developing a model of haddock markets between the United States and Canada, the own-price
elasticity of demand measures how haddock price will respond to changes in quantities. If
haddock demand is inelastic, then a proportional change in price will exceed an equi-
proportional change in quantity and total revenues will go down. Conversely, total revenues will
go up if haddock demand is elastic since a proportional change in price will be less than an equi-
proportional change in quantity.

Modeling the United States and Canadian trade in groundfish products received considerable
attention during the early to mid- 1980’s as United States harvesters argued that Canadian
imports were driving down ex-vessel prices. Given time constraints, an exhaustive review of this
literature was not possible. Nevertheless, citations to many of these studies contained in both



Felixson, Allen, and Storey (1987) and Hogan and Georgianna (1989) indicate that past
modeling efforts have developed a system of equations to reflect supply and demand
relationships at different market levels including imports, but focused on undifferentiated
groundfish. Further, most of the cited econometric models focused only on processed products
(fresh or frozen filets or frozen blocks).

Based on data presented in Section 2, the United States domestic market is assumed to be the
primary market for domestic landings and for imported haddock from Canada, Iceland, and
Norway. In evaluating the economic effect of different harvest strategies for haddock, the
market of most interest is a raw material market. In effect, this market is a derived demand by
United States processors for factor inputs. Within this context, it is important to determine the
substitutability between domestic and imported whole haddock (fresh or frozen) and the impact
that market substitution has on United States and Canadian ex-vessel prices. If United States
processors substitute domestic landings for imported haddock, then an increase in United States
landings would reduce the quantity demanded for Canadian raw material imports. Ex-vessel
prices in both the United States and Canada would be expected to decline, but Canadian ex-
vessel price may decline proportionally more due to the lowered demand for raw material
imports.

The empirical model developed for this study was adapted from that of Hogan and Georgianna
(1989). These authors estimated separate models for combined haddock and cod and for flatfish
consisting of a three-equation system including import demand, import supply, and United States
ex-vessel price. We made several modifications to Hogan and Georgianna’s original model to
include a price equation for Canadian ex-vessel prices and to accommodate estimation issues
encountered in developing a haddock-only model.

3.1 Econometric Model of the United States — Canada Haddock Market

Demand for Fresh Whole Canadian Imports

Processor demand for whole haddock imports was modeled as a function of the price of fresh
whole haddock imports from Canada, the United States ex-vessel price of haddock lagged one
period, the ex-vessel price of cod, United States domestic haddock landings, and a time trend.

The import price is expected to be negatively related to quantity demanded; as import prices go
up, processor quantities demanded go down. The U.S. ex-vessel price of haddock is expected to
be positively related to import demand; as domestic prices of haddock increase, processors
substitute imports resulting in higher import demand. Note that our specification of the ex-vessel
price variable in lagged form differs from that of Hogan and Georgianna. Although the demand
equation was initially specified with the current U.S. ex-vessel price (as done by Hogan and
Georgianna), it was not significant, whereas the lagged price was. The lagged price is likely
reflective of some underlying adjustment process perhaps due to contractual obligations.

The ex-vessel price of cod is included to reflect demand for processed products and is a
substitute for fresh whole haddock. The price of cod is expected to be positively related to
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import quantities; as the price of cod increases processors substitute away from cod to haddock
increasing the demand for raw material imports.

Import demand is expected to be negatively related to the quantities of haddock landed by U.S.
vessels; as available domestic landings go up, processors substitute away from imported
haddock. Note that this variable also differs from that of Hogan and Georgianna. In their study,
Hogan and Georgianna measure the substitution effect by constructing a measure of excess
capacity. Implicit in their specification is the assumption that processors prefer domestic sources
of haddock, importing only when domestic landings are insufficient to meet raw material
requirements. In our study we make no assumptions as to the desirability of U.S. or imported
haddock. Further, since the excess capacity variable in Hogan and Georgianna’s model was
defined as the difference between capacity (measured using a modified peak-to-peak method)
and U.S. landings, our specification should detect the same general effect. The expected sign for
the time trend is indeterminate.

Supply of Fresh Whole Canadian Imports

Canadian fresh whole supply was specified as a function of fresh whole import price, Canadian
haddock landings, Canadian haddock landings lagged one period, and the price of alternative
product forms (frozen blocks and fresh and frozen filets). Import supply is expected to be
positively related to import price as well as the quantity of Canadian landings. The sign of
Canadian landings lagged one period is indeterminate but was included to reflect the possible
presence of an adjustment process.

In Hogan and Georgianna’s model, Canadian importers were assumed to have a number of
alternative markets for cod and haddock products. To reflect these alternatives they included a
separate price series for each product form: frozen blocks, fresh filets, and frozen filets.
Following Hogan and Georgianna, a haddock-only price series for each product was constructed
from import data but none of these variables were found to be statistically significant. Further,
there were a number of occasions where imported quantities were zero in a given month.
Therefore, we estimated a price series based on a weighted average for all product forms and
used this to capture the potential diversion of whole fresh haddock into products processed in
Canada. The expected sign for this variable is negative; as the price of alternative products
increases, Canadian exports of fresh whole haddock decreases.

United States Ex-Vessel Price

The U.S. ex-vessel price was specified as a function of the quantity of fresh whole imports, the
quantity of U.S. landings, the ex-vessel price of cod, and the ex-vessel price of haddock lagged
one period. Import quantity is expected to have a negative effect on U.S. ex-vessel price; as
processors import more raw materials, the demand for U.S. raw material declines and ex-vessel
prices decline. Ex-vessel price is expected to be negatively related to domestic landings; as
landings increase, market-clearing prices decline. The expected sign of the ex-vessel price
lagged one period is expected to be positive reflecting some stickiness or inertia in price
determination. The ex-vessel price of cod is expected to be positively related to ex-vessel price;
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as cod prices increase, demand for haddock increases as processors substitute away from cod to
haddock.

Canadian Ex-Vessel Price

Following Hogan and Georgiana, demand and supply of fresh whole imports of haddock were
assumed to be simultaneously determined in a market clearing process. The Canadian ex-vessel
price of haddock was assumed to be exogenously determined by the quantity of Canadian
landings, the quantity of fresh whole exports to the United States, the Canadian ex-vessel price
lagged one period, and the price of alternative products handled by Canadian processors. The
quantity of Canadian landings is expected to be negatively related to ex-vessel price; as landings
go up market-clearing prices go down. Ex-vessel price is expected to be positively related to
export quantities; as export demand increases, ex-vessel prices increase. The expected sign of
the Canadian ex-vessel price lagged one period is positive. As was the case for U.S. ex-vessel
prices the lagged effect is intended to reflect some inertia or adjustment period in price
determination. The expected sign for the price of alternative processed products is expected to
be positive; as the value of alternative higher-valued processed product markets increases,
Canadian ex-vessel prices increase.

3.3 Data

The system of equations described above was estimated using monthly data obtained from
several source (see Appendix B) for calendar years 1989 through 2003. These years were
selected due to constraints on the ability to obtain reliable import quantities of haddock prior to
the conversion in 1989 to a 10-digit harmonized code. In previous years most haddock was
combined with a grouping of species including cod, pollock, and hakes and so the data were not
useable. Data on monthly U.S. landings in live weight and value were obtained from the
Northeast region dealer weighout data. Data on monthly Canadian landings in live weight and
value were obtained from the Department of Fisheries and Oceans in Canada. Import quantities
in product weight and values were obtained from NMFS headquarters Fisheries Statistics
Division. These data are purchased by the Division from the Foreign Trade Division of the
United States Census Bureau. All price data were expressed in nominal terms converted to U.S.
dollars. Also, since both United States and Canada landings were measured in live weight, ex-
vessel prices are expressed as dollars per pound live weight. By contrast, import quantities were
measured in product weight so import prices are expressed in product weight.

34 Results

The supply and demand system was estimated using two-stage least squares. All but one of the
estimated parameters (the intercept in the Canadian ex-vessel price equation) were statistically
significant (Table 5). The signs of all variables were consistent with theoretical expectations; all
own-price relationships were negative in the import demand and ex-vessel price equations, and
positive in the import supply equation. Similarly, all substitution effects were positive as were
variables reflecting demand for United States processed products.
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The F-test of all variables being simultaneously equal to zero was rejected for each of the four
estimated equations. The adjusted R-square values for the import supply and Canadian ex-vessel
price indicate that these equations fit the data reasonably well. However, the adjusted R-square
values for the import demand and U.S. ex-vessel price indicate that though the signs of the model
parameters are consistent with expectations, these models are estimated with considerably more
error, perhaps due to some form of unaccounted for specification or measurement error. Model
performance (see Appendix A for a more detailed discussion) over the time series suggests that
haddock markets have undergone some structural changes that have not been completely
captured, although the model does appear to reasonably capture contemporary market conditions.
The reliability of model forecasts is uncertain as potential supplies of haddock may lie outside
the range of observed data. However, even though the point estimates of model predictions are
subject to uncertainty, underlying structural relationships capturing market behavior would be
unaffected. This means that the econometric model is still likely to produce reasonably reliable
relative or ordinal rankings of alternative harvest strategies affecting aggregate haddock markets.

The system of equations was specified in a double-log form so that the coefficients are
interpretable as elasticities. The estimated import price elasticity of demand is quite high (-11.6)
indicating that United States processor demand for imported whole fish from Canada is very
responsive to the raw material price. By contrast, the substitution elasticity for United States
domestic haddock landings is inelastic (-0.27) suggesting that processor demand for Canadian
raw material imports is not particularly responsive to domestic landings.

The own-price elasticity in the supply equation is elastic indicating that Canadian exporters are
responsive to changes in import price. Similarly, Canadian landings are responsive to the import
price. The price of alternative products that may be processed in Canada is negatively related to
supply of whole fresh haddock imports, but the proportional effect is less than unity.
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Table 5. Results of Estimated United States — Canada Market Model

U.S. Ex-Vessel | Canadian Ex-Vessel
Import Demand | Import Supply Price Price
Variable (Pounds) (Pounds) ($US/Pound) (3US/Pound)
Intercept 8.862* -3.244* 1.154* 0.030
(0.442) (0.716) (0.107) (0.072)
Import Price -11.642* 3.515*
(1.328) (0.666)
Haddock Price t-1 (US) 1.325* 0.161*
(0.586) (0.059)
Haddock Price t-1 (CA) 0.319*
(0.051)
Ex-vessel Cod Price (US) 2.120* 0.162*
(0.417) (0.031)
Landings (US) -0.276* -0.060*
(0.085) (0.007)
Landings (CA) 1.220* -0.251*
(0.088) (0.034)
Landings t-1 (CA) 0.113*
(0.048)
Import Quantity -0.088* 0.173*
(0.013) (0.035)
Alternative Processed -0.411* 0.314*
Products Price (0.165) (0.036)
Time Trend 0.007*
(0.002)
F-Value 22.73* 150.06* 63.25* 134.24*
Adjusted R-square 0.38 0.77 0.58 0.75
*Denotes statistically significant at the 0.05 level or greater.
Figures in parentheses are standard errors.

The price equations for the United States and Canadian ex-vessel markets were specified as
price-dependent demand which means that the estimated parameters should be interpreted as
price flexibilities which under some conditions are theoretically equivalent to the inverse of the
price elasticity. A price flexibility less than one is interpreted in the same manner as a price
elasticity greater than one. The own-price flexibilities for both the Canadian and United States
ex-vessel demand are less than one suggesting that prices respond proportionally less than
quantities supplied, so that total ex-vessel revenues may be expected to increase even though
prices decline. However, the Canadian own-price flexibility is larger (-0.23) than that of the
United States (-0.06) suggesting that a proportional increase in United States landings will have a
proportionally lower impact on ex-vessel prices than would be the case for an equi-proportional
increase in Canadian landings. The negative substitution elasticity for imported haddock in the
United States ex-vessel demand suggests that the availability of imports has a price dampening
effect on prices received by United States harvesters.

Based on the Eastern Georges Bank haddock TAC of 23,000 mt for calendar year 2005, and
assuming haddock from other U.S. and Canada sources remain at their recent average levels, the
predicted ex-vessel price in Canada would be $0.56 per pound in U.S. dollars. Applying the
current exchange rate the harvester price would be $0.67 per pound or $1,477 per metric ton. In
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the U.S. the predicted ex-vessel price would be $1.07 per pound and the import price
would be $0.77 per pound in live weight.

4. ECONOMIC FORECAST OF DIFFERENT HARVEST STRATEGIES
4.1 Proposed Harvest Strategies for Eastern Georges Bank Haddock

Four alternative harvest strategies for Eastern Georges Bank haddock were evaluated.
These alternatives were a constant harvest strategy of 30,000, 40,000 and 50,000 mt and a
harvest strategy of constant fishing mortality set equal to Fre=0.26. Projected catches of
eastern Georges Bank haddock were based on the most recent stock assessment (van
Eeckhaute and Brodziak 2005). Initial stock size at age in 2005 was estimated with a
sequential population analysis. Variability in the 2005 estimate of stock was
characterized using 1000 bias-corrected bootstrap realizations. The resulting bootstrap
distribution of the initial stock size was used for projections to account for uncertainty in
the initial stock size. Recruitment was simulated using a two-state spawning biomass-
dependent recruitment function, similar to the recruitment model used for the entire
Georges Bank haddock stock (Brodziak et al. 2001, Brodziak et al. 2002). A cutoff of
40,000 mt was used to define the high and low spawning biomass states, as recommended
by the Transboundary Resource Assessment Committee [TRAC]. This partitioned the set
of observed recruitments into high and low spawning biomass states for simulating
recruitment. As a result, projections of future catch streams accounted for both
uncertainty in initial stock size and uncertainty in future recruitment (Brodziak et al.
1998).

The 3-year average of fishery selectivities and weights at age during 2002-2004 were
used to characterize the projected catch under each harvesting scenario as recommended
by the TRAC. The distribution of projected catches from 100 simulations for each
bootstrap initial stock size were used to generate revenue streams for economic analyses.
Since the 2003 year class is also a dominant feature in the Western Georges Bank portion
of the haddock resource, a set of projections from this source was also produced based on
the harvest strategy adopted by the New England Fishery Management Council in 2004.
Note that all projected landings are based on what could be landed at prescribed levels of
fishing mortality rates and may not necessarily reflect realized landings given constraints
imposed by management action taken to protect other stocks. For example, the U.S.
portion of the Eastern Georges Bank area was closed effective August 26, 2005 because
the Georges Bank cod TAC had been taken. This means that the 2005 U.S. haddock
TAC from this area will not be taken. Adjustments to management measures in the U.S.
portion of the resource sharing area coupled with ongoing gear research may enable the
U.S. to take its share of the TAC in the future.

A second set of projections were provided based on the possibility that environmental
conditions would return to the longer term average. These projections were run using
long term average weights-at-age (from 1987-2003), while retaining the same recent
partial recruitment pattern. The economic effects of alternative harvest strategies under
this environmental scenario were treated as a sensitivity analysis for purposes of this
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report. Procedures to evaluate the economic implications of the different harvest strategy
are detailed below.

4.2 Procedures for Estimating Economic Effects of Different Harvest Strategies

The econometric model of haddock raw material market described previously generates
an estimate of (a) the monthly haddock import price, (b) import quantity, (c) the
Canadian ex-vessel price, and (d) the U.S. ex-vessel price. The economic model includes
several exogenous variables that may affect any one of these endogenous but developing
forecasts of these exogenous variables was outside the scope of analysis so they were
held constant. These exogenous variables included the monthly pattern of landings, the
U.S. ex-vessel price of cod, and the price of processed haddock imports (Table 6).

Table 6. Monthly Average Values for Exogenous Variables (2001-2003)

Average Average Average

uU.s. u.sS. Processed December | December Canadian

Canadian | Monthly Cod Import Haddock Haddock December

Monthly Landing Price Price CA Price | U.S. Price Landings

Month Share Share | ($US/Ib) ($US/1b) ($US/1b) (3US/Ib) | (1,000 Ibs)
January 0.07 0.09 1.18 2.53
February 0.04 0.10 1.32 2.63
March 0.08 0.11 1.00 2.51
April 0.03 0.13 0.92 2.64
May 0.03 0.09 1.18 2.57
June 0.08 0.10 0.91 2.73
July 0.16 0.07 1.05 2.65
August 0.13 0.06 1.15 2.90
September 0.14 0.07 1.21 2.90
October 0.11 0.08 1.25 2.78
November 0.08 0.05 1.13 2.78

December 0.05 0.06 1.08 2.79 0.84 1.25 1,860

As projected landings were provided on an annual basis, the annual time-step was converted
to a monthly time step to match the economic model. Since there was no reason to believe
that the proposed harvest strategies would fundamentally alter the seasonal pattern of
landings, annual projected landings were multiplied by the most recent 3-year average
monthly share of total landings. Further, since the reduced form equations (Table 7) in the
market model include a one-month lag for U.S. haddock landings, Canadian haddock
landings, and Canadian ex-vessel price, the 3-year December average for each of these

variables was used for the first period of the economic forecasts. Predicted values for all
subsequent periods were obtained by substitution of projected landings into the reduced form
equations. These monthly values were then summed by year to obtain an annual estimate of
import sales, import quantities, and ex-vessel revenues to Canadian and U.S. vessels.
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Under the existing US/Canada resource sharing agreement, TACs for allocating the
haddock resource between the two countries are established on an annual basis. This
resource share was estimated to be 34/66, 33/67, and 34/66 percent for 2004, 2005 and
2006 respectively (Gavaris, Mayo, and O’Brien, 2005). Given the recent stability in the
resource shares the most recent estimate of resource shares (66% Canadian and 34%
U.S.) was assumed to remain constant for the period of analysis (2005 to 2014).

Table 7. Reduced Form Coefficients for Predicted Prices and Import Quantity

Variable

Intercept

Log US Haddock Price t-1
Log US Cod Price

Log US Haddock Landings
Time

Log CA Haddock Landings
Log CA Haddock Landings t-1
Log Alternative Product Price
Log CA Price t-1

Logged Import
Price

0.7985
0.0874
0.1398
-0.0182
0.0005
-0.0805
-0.0074
0.0271
0.0000

Logged
Import
Quantity
-0.4374
0.3072
0.4915
-0.0641
0.0017
0.9375
0.0867
-0.3158
0.0000

Logged U.S.
Ex-Vessel
Price
1.1927
0.1343
0.1183
-0.0541
-0.0002
-0.0825
-0.0076
0.0278
0.0000

Logged CA Ex-
Vessel Price

-0.0452
0.0532
0.0850

-0.0111
0.0003

-0.0890
0.0150
0.2597
0.3192

1 Quantity variables measured in 1,000 pound; prices measured in $US per pound; log refers to natural

logarithm;

4.3  Results of Economic Projections

In addition to landing haddock from the Eastern Georges Bank area, U.S. vessels also
land haddock from the Western Georges Bank area and the Gulf of Maine. Canadian
vessels also land haddock from non-Georges Bank stocks. Landings from these sources
contribute to the overall haddock raw material market and affect import demand as well
as ex-vessel prices in the U.S. and Canada. At this time, neither the U.S. nor Canada is
considering a change in harvest strategy for any of these alternative haddock resources so
the landings from these sources were invariant across all harvest alternatives for the
Eastern Georges Bank area (Table 8). For this reason, reported results will focus on
landings and revenue streams from the Eastern Georges Bank haddock resource, although
landings and revenue totals for both countries will also be reported for completeness.
Results include the median values of the projected landings by stock area, predicted
prices, predicted total sales for imported Canadian whole fresh haddock, and predicted
total ex-vessel revenues to Canadian and U.S. harvesters. Estimates of gross sales are
reported in both nominal as well as present value terms by applying a discount rate of
7.0%. All quantities and prices are reported in live weight. These results provide an
ordinal ranking of harvest strategies in terms of the expected present value of the benefit
stream. Since calendar year 2005 is nearing completion, all forecasted results will be
reported beginning in calendar year 2006 through 2014.
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Table 8. Summary of Landings from Sources Other than the Eastern Georges Bank Haddock

Resource

Non-Georges Bank Canada | Western GB US Commercial | Gulf of Maine (1,000
Year Landings (1,000 Ibs) Landings (1,000 Ibs) Ibs)
2006 19,313 52,487 2,537
2007 19,313 111,881 2,537
2008 19,313 124,055 2,537
2009 19,313 90,430 2,537
2010 19,313 83,841 2,537
2011 19,313 74,608 2,537
2012 19,313 59,978 2,537
2013 19,313 59,978 2,537
2014 19,313 52,156 2,537

Constant Harvest Strategy 1: 30,000 mt

A constant harvest strategy of 30,000 mt would be first achieved in calendar year 2007 and
would remain constant through 2014 (Table 9). This strategy would result in a potential annual
catch of 43.7 million pounds by Canadian fishermen and 22.5 million pounds by U.S. fishermen.
Given additional haddock supplies from other haddock resources total U.S. haddock supplies
would be 74 million pounds in 2006, increase to 149 million pounds then gradually decline to 72
million pounds in 2014. This pattern of total landings is due to the projected allowable landings
from the Western Georges Bank haddock resource. For reasons noted previously, realized
landings from this resource are likely to be lower. In Canada, total landings would increase from
46.7 million pounds to 63 million pounds.

Table 9. Projected Annual Landings for a 30 Thousand MT Constant Harvest Strategy of
Eastern Georges Bank Haddock

Year Eastern Eastern | Total Canada | Eastern GB US Total US
Georges Georges Landings Commercial Landings
Bank | Bank Canada (1,000 Ibs) | Landings (1,000 (1,000 Ibs)

Landings Landings Ibs)

MT (1,000) (1,000 Ibs)

2006 25 37,067 56,380 19,095 74,120
2007 30 43,651 62,964 22,487 136,906
2008 30 43,651 62,964 22,487 149,079
2009 30 43,651 62,964 22,487 115,455
2010 30 43,651 62,964 22,487 108,865
2011 30 43,651 62,964 22,487 99,632
2012 30 43,651 62,964 22,487 85,003
2013 30 43,651 62,964 22,487 77,181
2014 30 43,651 62,964 22,487 72,108

Given that the economic model predicts prices and quantities on a monthly time step, annual

average prices were computed as the average of monthly predicted price and annual were
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computed by summing predicted values across months. Due to increased supplies, average
annual live weight prices decline from 2006 to 2008 by $0.05 per pound in the U.S. ex-vessel
market as aggregate haddock supplies peak in 2008 (Table 10). As aggregate haddock supplies
decline, the U.S. ex-vessel price rises to $0.96 per pound in 2014. The average ex-vessel live
weight price in Canada was predicted to initially decline from $0.53 per pound in 2006 to $0.52
per pound in 2008. Over the longer term, predicted ex-vessel price in Canada increases to $0.55
per pound due to the influence of both a decline in aggregate haddock supplies and to a small
positive time trend. Similarly, the import price was predicted to decline initially from $0.75 to
$0.74 per pound but recover to be above its 2006 level by 2014. Predicted imports from Canada
increase from 38 million pounds in 2006 to 50 million pounds in 2014; again due to the effect of
a positive time trend. Note that total import quantities may come from any source in Canada so
the total presented in Table 10 does not represent imports only from the Eastern Georges Bank
resource.

Table 10. Predicted Values for Prices, Import Quantities and Gross Sales for 30 Thousand MT
Constant Harvest Strategy of Eastern Georges Bank Haddock

Year Annual Average | Annual Average | Annual Average Predicted
Predicted US | Predicted Canada Predicted | Import Quantity

Ex-Vessel Price Ex-Vessel Price Import Price (1,000 Ibs)

($US/1bs) ($US/1bs) (3US/1bs)

2006 0.98 0.53 0.75 38,008
2007 0.93 0.52 0.74 41,126
2008 0.93 0.52 0.74 41,637
2009 0.94 0.53 0.75 43,363
2010 0.94 0.53 0.76 44,462
2011 0.94 0.53 0.76 45,687
2012 0.95 0.54 0.77 47,218
2013 0.95 0.54 0.77 48,558
2014 0.96 0.55 0.78 49,815

The total value of import sales increases from $28 million in 2006 to $38 million in 2014.
Discounted at a rate of 7% the present value of the cumulative import sales was estimated to be
$216 million (Table 11). Even though U.S. ex-vessel prices were predicted to go down, ex-
vessel revenues from sales of haddock from the Eastern Georges Bank resource were predicted
to increase from $19 million in 2006 to $22 million in 2014. This increase is due to the fact that
haddock demand is elastic such that price goes down proportionally less than the increase in
quantity. The present value of US ex-vessel revenue from the Eastern Georges Bank haddock
resource was estimated to be $188 million and present value of total harvest revenue from all
U.S. sources of haddock were estimated to be $641 million. Predicted returns from the Eastern
Georges Bank resource to harvesters in Canada increased from $19 million in 2006 to $24
million in 2014. The present value of Canada revenues from the Eastern Georges Bank resource
over the 9 years was estimated to be $147 million while discounted revenues in Canada from all
sources of haddock were $214 million.
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Table 11. Predicted Value of Import and Harvest Revenues in The U.S. and Canada for a 30

Thousand MT Constant Harvest of Eastern Georges Bank Haddock

Year Total Import Eastern | Total Canada Eastern Total US
Sales ($1,000 Georges Harvest Georges Harvest
US) | Bank Canada Revenue Bank US Revenue
Harvest | ($1,000 US) Harvest | ($1,000 US)

Revenue Revenue

($1,000 US) ($1,000 US)
2006 28,648 19,677 29,930 18,764 72,833
2007 30,396 22,694 32,734 20,978 127,719
2008 30,872 22,742 32,804 20,809 137,957
2009 32,524 22,971 33,134 21,095 108,306
2010 33,588 23,122 33,351 21,132 102,304
2011 34,782 23,281 33,582 21,204 93,950
2012 36,286 23,475 33,862 21,370 80,781
2013 37,614 23,644 34,105 21,456 73,642
2014 38,869 23,799 34,328 21,503 68,953
Total Nominal Value 303,580 205,405 297,830 188,311 866,446
Total Present Value 216,092 147,624 214,384 135,627 641,080

Constant Harvest Strategy 2: 40,000 mt

A 40,000 mt constant harvest strategy of haddock taken from the Eastern Georges Bank area is
achieved in 2007 and is sustainable until 2012 (Table 12). In 2013 projected median landings

decline to 38,000 mt and decline to 33,000 mt in 2014. Total Canadian catches from the Eastern
Georges Bank haddock resource peak at 58.2 million pounds then decline to 48.5 million pounds

in 2014. Potential catches to U.S vessels peak at 30 million pounds then decline to 25 million

pounds in 2014.

Table 12. Projected Annual Landings for a 40 Thousand MT Constant Harvest Strategy for Eastern
Georges Bank Haddock

Year Eastern Eastern | Total Canada | Eastern GB US Total US
Georges Georges Bank Landings Commercial Landings
Bank Canada (1,000 Ibs) Landings (1,000 Ibs)

Landings Landings (1,000 Ibs)

MT (1,000) (1,000 Ibs)

2006 25 37,067 56,380 19,095 74,120
2007 40 58,201 77,514 29,983 144,401
2008 40 58,201 77,514 29,983 156,575
2009 40 58,201 77,514 29,983 122,951
2010 40 58,201 77,514 29,983 116,361
2011 40 58,201 77,514 29,983 107,128
2012 40 58,201 77,514 29,983 92,498
2013 38 54,865 74,178 28,264 82,958
2014 33 48,486 67,799 24,978 74,599

From 2006 through 2014 average annual ex-vessel prices in the U.S. and Canada rise and fall
with changes in total harvested supplies (Table 13). That is, predicted prices decline in 20086,
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2007, and 2008 with the rise in landings from the Eastern Georges Bank resource. As landings
decline in 2013 and 2014, predicted prices increase. Import prices follow a similar pattern as
import quantities follow the same general pattern as landings from the Eastern Georges Bank
resource even though not imports do come from other sources of haddock.

Table 13. Predicted Values for Prices, Import Quantities and Gross Sales for 40 Thousand MT
Constant Harvest Strategy for Eastern Georges Bank Haddock

Year Annual Average Annual Average | Annual Average | Predicted Import
Predicted US Ex- Predicted Canada | Predicted Import | Quantity (1,000

Vessel Price Ex-Vessel Price Price ($US/lbs) Ibs)

($US/1bs) ($US/1bs)

2006 0.98 0.53 0.75 38,008
2007 0.91 0.51 0.72 50,290
2008 0.90 0.51 0.73 50,966
2009 0.91 0.51 0.73 53,019
2010 0.92 0.52 0.74 54,346
2011 0.92 0.52 0.74 55,816
2012 0.93 0.52 0.75 57,630
2013 0.93 0.53 0.76 56,799
2014 0.95 0.54 0.77 53,472

As noted previously the value of harvest revenues from the Eastern Georges Bank haddock
resource increases in both countries in every year through 2012 even though average ex-vessel
price is lower than the 2006 predicted price (Table 14). The present value of harvest revenue to
vessels in Canada was estimated to be $182 million from the Eastern Georges Bank resource and
a total of $248 million from all sources of haddock. In the U.S. discounted revenues from the
Eastern Georges Bank resource were estimated to be $167 million and a cumulative total of $662
million from the entire Georges Bank and Gulf of Maine stock areas.

Table 14. Predicted Value of Import and Harvest Revenues in The U.S. and Canada for a 40
Thousand MT Constant Harvest of Eastern Georges Bank Haddock

Year Total Eastern Total Canada Eastern Total US
Import Georges Bank Harvest Georges Harvest
Sales | Canada Harvest Revenue Banks US Revenue
($1,000 US) Revenue ($1,000 US) Harvest ($1,000 US)

($1,000 US) Revenue

($1,000 US)
2006 28,648 19,677 29,930 18,764 72,833
2007 36,394 29,523 39,320 27,294 131,453
2008 36,991 29,565 39,375 27,068 141,357
2009 38,915 29,854 39,760 27,416 112,427
2010 40,171 30,047 40,017 27,458 106,563
2011 41,572 30,250 40,288 27,542 98,409
2012 43,316 30,495 40,615 27,737 85,571
2013 43,226 29,105 39,350 26,390 77,457
2014 41,384 26,179 36,606 23,646 70,622
Total Nominal Value 350,619 254,695 345,262 233,315 896,691
Total Present Value 249,433 182,836 248,274 167,811 662,379
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Constant Harvest Strategy 3: 50,000 mt

A constant harvest of 50,000 mt of haddock from the Eastern Georges Bank area is achieved in
2007 and is sustainable for three consecutive years (2007 through 2009) before declining
gradually from 47,000 mt in 2010 to 30,000 mt in 2014 (Table 15). Canadian landings from the
Eastern Georges Bank resource peak at 72.7 million from 2007 through 2009 and decline to 43.5
million pounds in 2014. Similarly, U.S. haddock harvest from the resource peaks at 37 million
pounds then declines to 22 million pounds in 2014. Total landings from all sources in Canada
peak at 92 million pounds then decline to 63 million pounds. Aggregate U.S. harvest peaks at
164 million pounds then declines to 72 million pounds in 2014.

Table 15. Projected Annual Landings for a 50 Thousand MT Constant Harvest Strategy for
Eastern Georges Bank Haddock

Year Eastern Eastern | Total Canada Eastern GB US Total US
Georges | Georges Bank Landings Commercial Landings
Bank Canada (1,000 Ibs) | Landings (1,000 (1,000 Ibs)

Landings Landings Ibs)

MT (1,000) (1,000 Ibs)

2006 25 37,067 56,380 19,095 74,120
2007 50 72,752 92,065 37,478 151,897
2008 50 72,752 92,065 37,478 164,071
2009 50 72,752 92,065 37,478 130,446
2010 47 68,518 87,831 35,297 121,675
2011 40 57,938 77,251 29,847 106,992
2012 38 54,917 74,230 28,291 90,807
2013 33 47,805 67,118 24,627 79,321
2014 30 43,516 62,829 22,417 72,038

Predicted average ex-vessel prices and import price rise and fall with the change in harvested
quantities (Table 16). As was the case for other harvest strategies, predicted prices in 2006 and
2007 decline as harvested quantities from the Eastern Georges Bank resource increase. Average
prices then stabilize with constant harvests in 2007 through 2009. However, as landed quantities
decline, predicted average prices rise through 2014.

Table 16. Predicted Values for Prices, Import Quantities and Gross Sales for 50 Thousand MT
Constant Harvest Strategy for Eastern Georges Bank Haddock

Year Annual Average Annual Average | Annual Average | Predicted Import
Predicted US | Predicted Canada | Predicted Import | Quantity (1,000

Ex-Vessel Price Ex-Vessel Price Price ($US/Ibs) Ibs)

($US/1bs) ($US/1bs)

2006 0.98 0.53 0.75 38,008
2007 0.89 0.50 0.71 59,367
2008 0.88 0.50 0.71 60,217
2009 0.89 0.50 0.72 62,579
2010 0.90 0.51 0.73 61,299
2011 0.92 0.52 0.74 55,656
2012 0.93 0.53 0.76 55,298
2013 0.95 0.54 0.77 51,634
2014 0.96 0.55 0.78 49,722
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As was the case for the 40,000 mt constant harvest strategy, decreases in prices are more than
offset by increases in landings resulting in rising ex-vessel revenues from the Eastern Georges
Bank resource in both Canada and the U.S. at least through 2009 (Table 17). Similarly the
volume of import quantities more than offsets declines in import price resulting in higher value
of sales through 2009. By contrast, lower landings from 2010 to 2014 are not offset by price
increases so total value of import sales and harvest revenues declines. Applying a discount rate
of 7% to annual sales, results in a present value of $262 million. The present value of Canadian
and U.S. ex-vessel revenue from the Eastern Georges Bank resource was estimated to be $198
million and $249 million respectively.

Table 17. Predicted Value of Import and Harvest Revenues in The U.S. and Canada for a 50
Thousand MT Constant Harvest of Eastern Georges Bank Haddock

Year Total Eastern Total Canada Eastern Total US
Import Georges Bank Harvest Georges Harvest
Sales | Canada Harvest Revenue Banks US Revenue
($1,000 US) Revenue ($1,000 US) Harvest ($1,000 US)

($1,000 US) Revenue

(%$1,000 US)
2006 28,648 19,677 29,930 18,764 72,833
2007 42,214 36,157 45,755 33,420 135,449
2008 42,934 36,185 45,790 33,138 145,070
2009 45,108 36,530 46,227 33,538 116,733
2010 44,714 34,821 44,636 31,815 109,671
2011 41,459 30,111 40,148 27,421 98,296
2012 41,753 28,927 39,100 26,318 84,474
2013 39,716 25,676 36,049 23,297 75,036
2014 38,801 23,725 34,254 21,439 68,895
Total Nominal Value 365,349 271,807 361,888 249,149 906,457
Total Present Value 262,834 198,130 263,120 181,928 671,295

Current Harvest Strategy: Fref = Fusy = 0.26

Employing a constant fishing mortality harvest strategy of Frer = Fmsy = 0.26 for haddock in the
Eastern Georges Bank area would result in an increase in potential landings from this area to
64,000 mt in 2008. Landings in 2009 would decline to 51,000 mt and would further decline in
every year thereafter to 28,000 mt in 2014 (Table 18). The overall pattern of landings over time
is similar to that of the 50,000 mt constant harvest strategy except that by landing fewer fish in
2008, the latter provides for elevated landings over the final five years, although by 2014 the
difference between the two strategies is only 2,000 mt.
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Table 18. Projected Annual Landings for a Constant Fishing Mortality Harvest Strategy of Fre=0.26

for Eastern Georges Bank Haddock

Year Eastern Eastern | Total Canada Eastern GB US Total US
Georges | Georges Bank Landings Commercial Landings
Bank (1,000 Ibs) (1,000 Ibs) | Landings (1,000 (1,000 Ibs)

Landings Ibs)

MT (1,000)

2006 25 37,067 56,380 19,095 74,120
2007 51 74,379 93,692 38,316 152,735
2008 64 92,593 111,906 47,699 174,292
2009 51 74,016 93,329 38,130 131,098
2010 44 63,370 82,683 32,645 119,023
2011 37 53,797 73,110 27,714 104,859
2012 35 51,098 70,411 26,323 88,839
2013 31 44,726 64,039 23,041 77,735
2014 28 41,004 60,317 21,123 70,745

Predicted average prices rise and fall with projected haddock landings (Table 19). Predicted ex-
vessel prices and import price are lowest in 2008 when landings peak. Given roughly equivalent
landings in 2007 and 2009, predicted prices and estimates of import quantities are also similar in
those two years although both import price and import quantity are higher in 2009 as compared
to 2007. This small difference is due to the time trend which has a positive influence on both
import price and import quantity. From 2010 onward predicted imports as well as ex-vessel
prices increase as landed quantities decline.

Table 19. Predicted Values for Prices, Import Quantities and Gross Sales for a Constant Fishing
Mortality Harvest Strategy of Fre=0.26 for Eastern Georges Bank Haddock

Year Annual Average Annual Average | Annual Average Predicted
Predicted US | Predicted Canada | Predicted Import | Import Quantity

Ex-Vessel Price Ex-Vessel Price | Price ($US/Ibs) (1,000 Ibs)

($US/1bs) ($US/1bs)

2006 0.98 0.53 0.75 38,008
2007 0.89 0.50 0.71 60,376
2008 0.86 0.49 0.70 72,675
2009 0.89 0.50 0.72 63,442
2010 0.91 0.51 0.73 57,853
2011 0.93 0.52 0.75 52,783
2012 0.94 0.53 0.76 52,570
2013 0.95 0.54 0.77 49,366
2014 0.96 0.55 0.78 47,821

Revenues to harvesters from the Eastern Georges Bank haddock resource in Canada peak at $45
million in 2008 then decline steadily with resource abundance to $22 million in 2014 (Table 20).
The present value of these revenue streams was estimated to be $201 million. The present value
of harvest revenue from all sources of haddock in Canada was estimated to be $266 million.
Predicted commercial fishing revenue from Eastern Georges Bank haddock in the U.S. also
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peaked in 2008 at $41 million then declined over the remainder of the projection period to $20
million in 2014. The present value of Eastern Georges Bank haddock sales in the U.S. was
estimated to be $184 million and was estimated to be $673 million in sales from all U.S. sources
of haddock.

Table 20. Predicted Value of Import and Harvest Revenues in The U.S. and Canada for a Constant
Fishing Mortality Harvest Strategy of Fre=0.26 for Eastern Georges Bank Haddock

Year Total Eastern Total Canada Eastern Total US
Import Georges Bank Harvest Georges Harvest
Sales | Canada Harvest Revenue Banks US Revenue
($1,000 US) Revenue ($1,000 US) Harvest ($1,000 US)

($1,000 US) Revenue

($1,000 US)
2006 28,648 19,677 29,930 18,764 72,833
2007 42,855 36,888 46,466 34,095 135,907
2008 50,788 44,990 54,373 41,189 150,503
2009 45,650 37,074 46,748 34,047 117,062
2010 42,465 32,438 42,324 29,645 108,087
2011 39,548 28,152 38,258 25,640 97,014
2012 39,918 27,094 37,335 24,656 83,213
2013 38,164 24,165 34,600 21,931 73,990
2014 37,482 22,471 33,055 20,311 68,024
Total Nominal Value 365,518 272,950 363,090 250,278 906,633
Total Present Value 264,577 200,665 265,643 184,301 672,529

Harvest Strategy Comparison

Cumulative projected landings are highest (384,000 mt) for the Fgrer harvest strategy but by only
2,000 mt when compared to a constant catch harvest strategy of 50,000 mt (Table 21). Although
the 30,000 mt constant harvest strategy would be sustainable from 2007 through 2014, it also
results in the lowest cumulative yield (284,000 mt). The 40,000 mt constant harvest strategy has
the third lowest cumulative yield (355,000 mt); a difference of 27,000 and 29,000 mt
respectively as compared to the 50,000 mt constant harvest and Fger Strategies.

Table 21. Summary of Projected Landings by Harvest Strategy (1,000 mt)
Harvest Strategy
Year 30,000 mt 40,000 mt 50,000 mt Fret
2006 25 25 25 25
2007 30 40 50 51
2008 30 40 50 64
2009 30 40 50 51
2010 30 40 47 44
2011 30 40 40 37
2012 30 40 38 35
2013 30 38 33 31
2014 30 33 30 28
Total 284 355 382 384
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On an annual basis, the 30,000 mt constant harvest strategy produces estimates of yield that
exceed any other strategy in only the terminal year and only compared to the Fges Strategy. The
40,000 mt harvest strategy produces annual yields lower than either the 50,000 mt or Fges harvest
strategies through 2011 but produces higher yield in each of the last three years of the projection
period. As noted earlier, the 50,000 mt and Fges harvest strategies produce annual yields that are
not markedly different from one another with the exception of 2008 where Fges yield is greater
by 16,000 mt.

Compared to other harvest strategies predicted cumulative import demand for fresh whole
haddock from Canada is largest for the 50,000 mt and constant Fger harvest strategies (Table 22).
Further, both cumulative import quantities and value of sales for these two harvest strategies are
virtually identical. As noted above, the 30,000 mt harvest strategy does not produce higher
import sales than other alternatives until the terminal year of the projection period. Similarly, the
40,000 mt harvest strategy produces lower value of import sales in years up to 2011 but does
produce higher import sales from 2012 through 2014. The present value of import sales for the
50,000 mt harvest strategy exceeds that of the 40,000 mt strategy by $13 million and the constant
Frer Strategy exceeds the 40,000 mt strategy by $15 million.

Table 22. Predicted Import Quantities and Nominal Value of Sales by Harvest Strategy

Predicted Import Quantities by Harvest Predicted Import Sales by Harvest Strategy
Strategy (1,000 Ibs) ($1,000 US)
Year 30,000 40,000 50,000 FRef 30,000 40,000 50,000 FRef
mt mt mt mt mt mt

2006 38,008 38,008 38,008 | 38,008 28,648 28,648 28,648 | 28,648
2007 41,126 50,290 59,367 | 60,376 30,396 36,394 42,214 | 42,855
2008 41,637 50,966 60,217 | 72,675 30,872 36,991 42,934 | 50,788
2009 43,363 53,019 62,579 | 63,442 32,524 38,915 45,108 | 45,650
2010 44,462 54,346 61,299 | 57,853 33,588 40,171 44,714 | 42,465
2011 45,687 55,816 55,656 | 52,783 34,782 41,572 41,459 | 39,548
2012 47,218 57,630 55,298 | 52,570 36,286 43,316 41,753 | 39,918
2013 48,558 56,799 51,634 | 49,366 37,614 43,226 39,716 | 38,164
2014 49,815 53,472 49,722 | 47,821 38,869 41,384 38,801 | 37,482
Total Nominal 399,874 | 470,346 | 493,780 | 494,893 | 303,580 | 350,619 | 365,349 | 365,518
Value

Total Present Value 216,092 | 249,433 | 262,834 | 264,577

Predicted total ex-vessel revenues (cumulative 2006 to 2014) to both U.S. and Canadian
harvesters is greatest under a constant Fger fishing strategy although the cumulative difference
between the constant Fger and constant harvest strategy of 50,000 mt is no more than $1 million
in nominal terms or $3 million in present value (Table 23). On an annual basis, the comparative
stream of harvest revenues follows the same pattern as noted previously for landings and for
imports. Specifically, the 30,000 mt harvest strategy produces lowest catches in all years except
2014 and the 40,000 mt strategy produces lower revenues from 2007 through 2010 but higher
revenues from 2011 onward.
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Table 23. Predicted Nominal Value of Eastern Georges Bank Haddock Ex-Vessel Harvest Revenue to
Canadian and US Vessels

Year

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

Total Nominal
Value

Total Present Value

Predicted Canadian Ex-Vessel Revenue by
Harvest Strategy ($1,000 US)

30,000
mt

0
19,677
22,694
22,742
22,971
23,122
23,281
23,475
23,644
23,799
205,405

147,624

40,000
mt

0
19,677
29,523
29,565
29,854
30,047
30,250
30,495
29,105
26,179
254,695

182,836

50,000
mt

0
19,677
36,157
36,185
36,530
34,821
30,111
28,927
25,676
23,725
271,807

198,130

FRef

0
19,677
36,888
44,990
37,074
32,438
28,152
27,094
24,165
22,471

272,950

200,665

Predicted US Ex-Vessel Revenue by Harvest
Strategy ($1,000 US)

30,000
mt

0
18,764
20,978
20,809
21,095
21,132
21,204
21,370
21,456
21,503
188,311

135,627

40,000
mt

0
18,764
27,294
27,068
27,416
27,458
27,542
27,737
26,390
23,646
233,315

167,811

50,000
mt

0
18,764
33,420
33,138
33,538
31,815
27,421
26,318
23,297
21,439
249,149

181,928

FRef

0
18,764
34,095
41,189
34,047
29,645
25,640
24,656
21,931
20,311

250,278

184,301

4.4  Sensitivity Analysis

The present value of benefits from any one harvest strategy will depend on the selected discount
rate, the variability or likelihood of achieving higher or lower benefits, and the effect on
projected yields of assumed average weights-at-age.

Discount Rate

The sensitivity of the ordinal ranking of the harvest strategies was examined by applying

discount rates of 3%, 5%, 7%, and 9% to the annual nominal values for import sales, Canadian
ex-vessel revenues, and U.S. ex-vessel revenues (Table 24). Although present values decline at
higher discount rates, the ordinal ranking of harvest strategies was unaffected by the discount

rate. That is, at all tested interest rates the constant Fger harvest strategy produced highest

present value followed by the 50,000, 40,000, and 30,000 mt constant harvest strategies. Note
that in all cases the difference between the constant Fger and 50,000 mt constant harvest

strategies is slight.
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Table 24. Sensitivity of Present Value Calculations to the Discount Rate

3% 5% 7% 9%
Strategy Import Sales ($1,000 US)
30,000 mt 260,704 236,854 216,092 197,939
40,000 mt 301,076 273,480 249,433 228,388
50,000 mt 315,305 287,311 262,834 241,342
Fref 316,309 288,729 264,577 243,338

Eastern Georges Banks Canadian Ex-Vessel Revenue ($1,000 US)

30,000 mt 177,151 161,384 147,624 135,562
40,000 mt 219,601 199,981 182,836 167,788
50,000 mt 235,981 215,828 198,130 182,523
Fret 237,873 218,084 200,665 185,269

Eastern Georges Bank United States Ex-Vessel Revenue ($1,000 US)

30,000 mt 162,557 148,179 135,627 124,620
40,000 mt 201,334 183,447 167,811 154,084
50,000 mt 216,472 198,082 181,928 167,678
Fret 218,271 200,206 184,301 170,238

Variability in Projected Yield

A stochastic projection allows for consideration of variability in predicted catches due to
uncertainty in recruitment. That is, catch in any given year may be at or near some average level
or could be well above or below average because recruitment in prior years can affect the
sustainability of any given harvest level or harvest strategy. To examine how potential present
value of harvest revenues may be affected by this uncertainty, the present value of gross harvest
revenue was calculated for different percentiles of the realized landings streams for each harvest
strategy (Figure 6). In Figure 6 combined harvest revenues for U.S. and Canadian vessels are
reported for convenience because separate plots of each value displayed the same pattern and are
interpreted the same way. The values shown at 50% probability are equivalent to the median
values reported in the results section for each harvest strategy. However, the cumulative
probability means that there is a 50% probability that the present value of harvest revenues will
be equal to the median or less. For example, there is a 50% chance that the 30,000 mt harvest
strategy will yield a present value of approximately $283 million (U.S.) or less. By contrast,
there is roughly a 10% probability that any of the other harvest strategies will be produce less
than $283 million (U.S.).
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Figure 6. Cumulative Probability Distribution for Combined Present Value of U.S. and Canadian Ex-
Vessel Revenue ($1,000 US)
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Figure 6 illustrates that at least up to the 50™ percentile the cumulative probability distributions
for the 50,000 mt constant harvest and constant Frer harvest strategies are virtually identical. The
two distributions diverge at higher percentiles because the potential harvest revenue for the
50,000 mt constant harvest strategy is bounded by the TAC. This is also true of the 30,000 and
40,000 mt constant harvest strategies, which is why their cumulative probability distributions are
nearly vertical. In essence, the constant harvest strategies may be well suited to take advantage
of a particular recruitment event, but may not be as well suited to take advantage of future
recruitment events.

Alternative Environmental Conditions

The TRAC provided a set of baseline projections using recent three-year average weights-at-age.
These projections reflect current environmental conditions that have produced lower weight-at-
age than the observed longer term average and are considered to be reflective of conditions that
may be expected to prevail at least over the medium term. The TRAC also conducted a set of
projections to examine how yields might differ if environmental conditions (and growth rates in
particular) were to return to their long term average. The resulting projections indicate that the
30,000 mt constant harvest strategy would be achieved one year earlier than under the baseline
condition and would be sustainable for all subsequent years of the projection period (Table 24).
Compared to the baseline, the 40,000 mt harvest strategy would be achieved in the same year
(2007) but would be sustainable through 2014 instead of 2012. Similarly, a 50,000 mt constant
harvest would be achieved in the same year as that of the baseline projection but would be
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sustainable for three additional years. The constant Fger Strategy would peak at 75,000 mt
instead of 64,000 mt and the difference between in cumulative total landings between constant
Frer and the 50,000 mt harvest strategy would be much larger.

Table 25. Summary of Projected Landings by Harvest Strategy for Favorable Environmental
Conditions (1,000 mt)
Harvest Strategy
Year 30,000 mt 40,000 mt 50,000 mt Fres
2006 30 30 30 30
2007 30 40 50 59
2008 30 40 50 75
2009 30 40 50 60
2010 30 40 50 52
2011 30 40 50 44
2012 30 40 50 42
2013 30 40 43 37
2014 30 40 38 33
Total 292 372 433 454

As the projected landings in Table 25 indicate, should environmental conditions become more
favorable, any given constant harvest strategy would be sustainable over a longer period of time
as compared to the baseline projections. However, the favorable conditions would prevail for all
harvest strategies and the ordinal ranking of harvest strategy under baseline conditions would be
unaffected. Specifically, in terms of present value of discounted import sales and harvest
revenues in both countries, the Fres Strategy produces highest gross benefits regardless of the
selected discount rate (Table 26). Further, the separation between the Fres Strategy and its next
best alternative (a 50,000 mt constant harvest strategy) is larger than was the case under baseline
environmental conditions.

Table 26. Sensitivity of Present Value Calculations Under Long-Term Average Environmental

Conditions

3% 5% 7% 9%
Strategy Import Sales ($1,000 US)
30,000 mt 263166.4 239,270 218,462 200,266
40,000 mt 308,619 280,189 255,444 233,812
50,000 mt 342,035 310,838 283,628 259,796
Fref 352,521 321,745 294,793 271,089

Canadian Ex-Vessel Revenue ($1,000 US)
30,000 mt 179,905 164,086 150,276 138,165
40,000 mt 227,242 206,813 188,989 173,370
50,000 mt 262,912 239,577 219,162 201,227
Fref 276,146 253,068 232,760 214,816
United States Ex-Vessel Revenue ($1,000 US)

30,000 mt 165,179 150,751 138,151 127,098
40,000 mt 208,343 189,728 173,480 159,237
50,000 mt 240,945 219,679 201,068 184,712
FRref 253,258 232,202 213,669 197,286
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5.0 Summary and Caveats

The findings of this study demonstrate that haddock markets create interdependencies between
the United States and Canada such that changes in management strategy will affect haddock
trade and will have impacts on prices received by fishermen in both countries. Of the harvest
strategies considered in this report, harvesting at a constant Fgrer produced the highest present
value of ex-vessel revenues in both the United States and in Canada and produced the highest
present value of import sales of haddock from Canada to the United States. This finding was
robust with respect to the choice of discount rate and assumed weights-at-age. Taking
uncertainty over projected landings into account, also favored the constant Fres Strategy as it
more readily takes advantage of future recruitment events.

Of the alternative constant catch strategies evaluated herein the 50,000 mt constant catch strategy
comes closest to the revenue streams predicted for the constant Fges Strategy. In fact, the
projected landings between the two harvest strategies were quite similar and there were only
minor differences in accumulated benefit streams. Throughout the report a number of caveats
have been mentioned. These caveats are reiterated below.

As with any fitted statistical model, predictions will be more reliable when applied to conditions
that are within the range of observed data. Even though the size of the 2003 haddock year class
is less than once thought, landings are still projected to increase to levels that exceed the range of
observed data used to estimate the econometric model. The potential directionality or magnitude
of any forecast error is not known with certainty.

In this study, only haddock supplies from domestic fisheries in the United States and Canada
were included. However, over the past several years both countries have been importing
increasing supplies of haddock from Iceland and Norway, and in recent years Canada has
imported growing amount of processed products from China. The role of these import supplies
in U.S. and Canadian markets was not explicitly modeled because of data limitations principally
due to missing observations over the time series used to develop the econometric model. With
greater available domestic supplies, imports from these and other countries may decline as
processors substitute away from imports and buy higher quantities of domestic haddock. Even if
this is the case, the presence or opportunity to source haddock from other countries is likely to
have some price dampening effect that would be transmitted down the marketing chain to
processors and ex-vessel markets. Ultimately, the ability of domestic processors in the U.S. and
Canada to compete with imported processed products will depend on cost and production
efficiencies relative to import prices and the cost of shipping.

Where landings projections were made available (i.e. haddock from both Eastern and Western
Georges Bank resource areas), they were based on what would be allowable under any of the
four harvest strategies evaluated for this report. This does not necessarily mean that these
landings or TAC levels would actually be realized. For example, the recent closure of the U.S.
portion of the Eastern Georges Bank resource sharing area because of the U.S. cod TAC had
been reached means that the U.S. TAC for Eastern Georges Bank haddock will not be taken. In
the context of this study, 2005 import and ex-vessel prices would be underestimated as realized
market supplies of haddock will be lower than projected. Given the comparatively low cod

31



TAC, bycatch rates of cod in the haddock fishery may make any one of the allowable levels of
constant catch or constant Fgrer harvest strategies difficult to achieve.

The difference between the ex-vessel “scrod” and “large” haddock market categories in the U.S.
averaged about $0.14 per pound between 1990 and 2003; a premium of approximately 25% of
the scrod price. Unfortunately, the majority of haddock sold to U.S. dealers does not identify the
market category and these data were not available in Canada so a price premium for larger fish
was not included in the estimated price models. Including a price premium could affect the
choice of harvest strategy because at lower harvest rates the proportion of larger more valuable
fish in the exploitable population would increase compared to a harvest strategy where harvest
rates were higher. Further exploration of this issue is not possible at this time given present data
limitations and modeling approach.
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APPENDIX A — MARKET MODEL ASSESSMENT

A.1 Model Evaluation

The F-test of all variables being simultaneously equal to zero was rejected for each of the four
estimated equations (Table 5). The adjusted R-squares for the import supply and Canadian ex-
vessel price indicate that these equations fit the data reasonably well. The adjusted R-squares for
the import demand and U.S. ex-vessel price indicate that though the signs of the models are
consistent with expectations these models are estimated with considerably more error perhaps
due to some form of unaccounted for specification or measurement error. To further investigate
the model properties the reduced form parameters for predicted import price, fresh whole
Canadian import quantities, U.S. ex-vessel price, and Canadian ex-vessel price were estimated.
Deviations between predicted and observed values were calculated by subtracting observed from
predicted values. In this manner, a negative deviation means that the model-prediction exceeded
the observed value. For positive deviations, the observed value exceeded the model-predicted
value.

Import Price

Model-predicted import prices tend to be overestimates when observed import prices were below
$1.00 (US) and underestimates when observed import prices were above $1.25 (Figure Al).
Between these upper and lower bounds, there was no strong bias in either under- or
overestimates of import price, although the model predictions overestimated prices at a higher
rate (54%).

Observed import prices follow a distinct seasonal pattern, which is captured by the model.
However, model performance varied over the time period. Specifically, from 1989 through
1991, when prices were lowest, the model tended to underestimate import prices (Figure A2).
The standard deviation of the deviations from observed prices over this time period was twice as
large as for the rest of the time series.
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Deviation

Observed Import Price

Figure Al. Deviations from Observed Import Price
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A second period of note is evident during calendar years 1996 through 1998. That is, the model-
predicted import prices were consistently greater than observed prices. During calendar years
1992 through 1995 and from 1999 through 2003, import prices do not appear to be consistently
under or overestimated

Model performance over the time series suggests that haddock markets have undergone some
structural changes that have not been completely captured, although the model does appear to
reasonably capture contemporary market conditions in import prices. Just how the model will
perform as potential supplies of haddock increase is not, of course, known. Given known current
and future abundance of haddock, increased supplies of haddock are probable and the import
price is likely to go down. As noted above, the model tended to overestimate import prices when
observed prices were low. This means that projected economic impacts could overstate realized
impacts in the following manner. If import prices are overestimated, the Canadian ex-vessel
price will also be overestimated because of the positive relationship between import price and
ex-vessel price. Further, a higher import price would result in lower imported quantities that
would, in turn, result in an overestimate of U.S. ex-vessel price because a reduction in import
quantity will result in higher U.S. ex-vessel price.

Import Quantity

Deviations between observed values and predicted import quantities were larger (averaging
almost 17% of the observed value) than deviations in import price (about 5% of observed prices)
(Figure A3). This difference is to be expected since import demand is highly elastic. That is,
import quantity responds proportionally more than a change in import price. Import quantity
exhibits some of the same patterns over time as noted for import price (Figure A4). Note that the
deviations follow a similar seasonal pattern as evident in the observed values. These seasonal
peaks and valleys indicate that model predictions underestimate import quantities during
observed peaks and overestimate import quantities during observed seasonal lows. Further,
prediction error is greatest for these seasonal ups and downs and generally lower the rest of the
year. This is because a fitted regression performs best at or near the average condition and is
subject to greater error at the tails of the fitted data. For predictive purposes, this means that the
model is likely to account for some of the seasonal nature of haddock markets, but the predicted
seasonal highs and lows will be less pronounced than past observations.
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Deviation

Imported Quantity (1,000 Ibs)

Figure A3. Deviations from Observed Imported Quantities of Fresh Whole Haddock
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United States Ex-Vessel Price

The pattern of deviations between the predicted and observed ex-vessel price (Figure A5) in the
United States is similar to that of the import price. Specifically, at lower observed ex-vessel
prices (less than $0.95 per pound), the model consistently over-estimates price. The converse is
true at higher prices. Overall, there was no systematic bias in terms of over- or underestimation
of ex-vessel prices as half of the deviations were positive (price was underestimated) and the
other half negative (price was overestimated). The average error was approximately 11% of the
observed price.

Figure A5. Deviations from Observed U.S. Ex-Vessel Prices of Haddock
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Canadian Ex-Vessel Price

The predicted Canadian ex-vessel price equation provided the best overall fit to the data as the R-
square value was 0.75, and with few exceptions, the distribution of deviations ranged within plus
or minus $0.10 (Figure A6). As was the case for the U.S. ex-vessel price equation, there was no
systematic tendency to either underestimate or overestimate ex-vessel price in Canada. The
average estimation error was approximately 6% of the observed price.
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Appendix B — Data for Haddock Market Model

Table B1. Raw Data for Haddock Raw Material Market Model

Canadian

US Live Live Composite

Fresh US Ex- Canadian USEx-  Weight Weight Fresh Import

Whole Vessel Ex- Vessel Haddock Haddock Whole Price for

Import  Haddock Vessel Cod Landings Landings Imports Processed

Price Price Price Price (1000 (1000 (1000 Products
Year Month (3US) (3US) ($US) ($US) Ibs) Ibs) Ibs) (3US)  Time Trend
1989 1 1.06 1.30 0.46 0.62 385 3818 2324 1.31 1
1989 2 0.78 1.01 0.36 0.63 227 7526 3029 1.60 2
1989 3 0.90 1.15 0.35 0.73 227 5913 2301 1.22 3
1989 4 0.96 1.09 0.31 0.51 666 5600 1489 1.55 4
1989 5 0.69 0.98 0.27 0.46 563 7003 1827 1.57 5
1989 6 0.85 1.05 0.37 0.48 538 8221 2129 1.53 6
1989 7 0.94 1.30 0.39 0.59 287 4743 1561 1.60 7
1989 8 1.11 1.43 0.47 0.64 281 4093 1982 1.54 8
1989 9 1.00 1.48 0.51 0.76 145 3303 1446 1.80 9
1989 10 1.10 1.49 0.46 0.73 144 3648 1754 1.79 10
1989 11 1.06 1.38 0.47 0.69 129 1361 689 1.42 11
1989 12 1.37 1.57 0.30 0.78 208 1102 327 1.10 12
1990 1 0.88 0.92 0.45 0.65 626 4899 2038 2.10 13
1990 2 0.90 1.16 0.43 0.86 126 4511 1948 2.18 14
1990 3 1.18 1.25 0.37 0.67 564 5248 1218 2.07 15
1990 4 0.90 1.16 0.32 0.64 830 4425 838 2.51 16
1990 5 0.95 1.20 0.32 0.49 654 4571 775 2.34 17
1990 6 0.77 0.87 0.43 0.51 954 5926 1580 2.31 18
1990 7 0.82 1.01 0.46 0.58 334 5004 2579 2.37 19
1990 8 0.85 1.09 0.45 0.63 310 4801 2545 2.32 20
1990 9 0.89 1.11 0.45 0.69 282 4577 2242 2.47 21
1990 10 0.95 1.16 0.51 0.72 454 2269 1500 2.41 22
1990 11 1.08 1.39 0.54 0.77 117 1399 893 2.53 23
1990 12 1.31 1.50 0.61 0.74 189 1333 745 2.60 24
1991 1 1.08 1.21 0.58 0.88 450 3289 1549 2.49 25
1991 2 1.05 1.10 0.57 0.88 205 4649 2177 2.87 26
1991 3 1.29 1.42 0.58 0.87 314 1810 794 2.82 27
1991 4 1.21 1.28 0.54 0.70 408 2601 648 2.60 28
1991 5 1.16 1.35 0.55 0.67 327 2662 604 2.87 29
1991 6 0.82 0.80 0.51 0.70 1180 7489 1606 2.77 30
1991 7 0.89 1.17 0.54 0.72 263 6006 2116 2.71 31
1991 8 0.91 1.26 0.55 0.88 263 5366 2025 2.62 32
1991 9 0.95 1.15 0.57 0.90 220 4803 2200 2.63 33
1991 10 0.98 1.27 0.58 0.97 207 3964 2131 2.66 34
1991 11 1.01 1.37 0.57 0.84 105 2321 1024 2.86 35
1991 12 1.09 1.40 0.60 1.03 109 3285 1397 3.03 36
1992 1 0.99 1.08 0.58 0.89 687 4057 1970 2.59 37
1992 2 0.99 1.12 0.46 0.91 293 4771 1784 2.64 38
1992 3 1.08 1.49 0.44 1.00 191 3531 1169 2.63 39
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Procedures for Issuing Manuscripts
in the
Northeast Fisheries Science Center Reference Document (CRD) Series

Clearance: AIll manuscripts submitted for issuance as
CRDs must have cleared the NEFSC 's manuscript/abstract/
webpage review process. If any author is not a federal
employee, he/she will be required to sign an “NEFSC Re-
lease-of-Copyright Form.” If your manuscript includes
material lifted from another work which has been copy-
righted, then you will need to work with the NEFSC’s Edi-
torial Office to arrange for permission to use that material
by securing release signatures on the “NEFSC Use-of- Copy-
righted-Work Permission Form.”

Organization: Manuscripts must have an abstract and table
of contents, and — if applicable — lists of figures and tables.
As much as possible, use traditional scientific manuscript
organization for sections: “Introduction,” “Study Area”/
"Experimental Apparatus,” “Methods,” “Results,” “Discus-
sion” and/or “Conclusions,” “Acknowledgments,” and “L.it-
erature/References Cited.”

Style: The CRD series is obligated to conform with the
style contained in the current edition of the United States
Government Printing Office Style Manual. That style
manual is silent on many aspects of scientific manuscripts.
The CRD series relies more on the CBE Style Manual.
Manuscripts should be prepared to conform with these style
manuals.

The CRD series uses the American Fisheries Society’s
guides to names of fishes, mollusks, and decapod crusta-
ceans, the Society for Marine Mammalogy’s guide to names
of marine mammals, the Biosciences Information Service’s
guide to serial title abbreviations, and the International Stan-
dardization Organization’s guide to statistical terms.

For in-text citation, use the name-date system. A spe-
cial effort should be made to ensure that all necessary bib-
liographic information is included in the list of cited works.
Personal communications must include date, full name, and
full mailing address of the contact.

Preparation: Type a clean/neat, single-spaced version of
the document. The document must be paginated continu-
ously from beginning to end and must have a “Table of
Contents.” Begin the preliminary pages of the document
— always the “Table of Contents” — with page “iii.” Be-
gin the body of the document — normally the “Introduc-
tion” — with page “1,” and continuously paginate all pages
including tables, figures, appendices, and indices. You can
insert blank pages as appropriate throughout the document,
but account for them in your pagination (e.g., if your last
figure ends on an odd-numbered/right-hand page such as
“75,” and if your next page is the first page of an appendix,
then you would normally insert a blank page after the last
figure, and paginate the first page of the appendix as “77”
to make it begin on an odd-numbered/right-hand page also).
Forward the final version to the Editorial Office as both a
paper copy and electronically (i.e., e-mail attachment, 3.5-
inch floppy disk, high-density zip disk, or CD). For pur-
poses of publishing the CRD series only, the use of Microsoft
Word is preferable to the use of Corel WordPerfect.

Production and Distribution: The Editorial Office will
develop the inside and outside front covers, the inside and
outside back covers, and the title and bibliographic control
pages (pages “i” and “ii”) of the document, then combine
those covers and preliminary pages with the text that you
have supplied. The document will then be issued online.

Paper copies of the four covers and two preliminary
pages will be sent to the sole/senior NEFSC author should
he/she wish to prepare some paper copies of the overall
document as well. The Editorial Office will only produce
three paper copies (i.e., two copies for the NEFSC’s librar-
ies and one copy for its own archives) of the overall docu-
ment.

A number of organizations and individuals in the
Northeast Region will be notified by e-mail of the avail-
ability of the online version of the document. The sole/
senior NEFSC author of the document will receive a list of
those so notified.




Research Communications Branch
Northeast Fisheries Science Center
National Marine Fisheries Service, NOAA
166 Water St.

Woods Hole, MA 02543-1026

MEDIA
MAIL

Publications and Reports
of the
Northeast Fisheries Science Center

The mission of NOAA's National Marine Fisheries Service (NMFS) is "stewardship of living marine resources for
the benefit of the nation through their science-based conservation and management and promotion of the health of
their environment.”" Asthe research arm of the NMFS's Northeast Region, the Northeast Fisheries Science Center
(NEFSC) supports the NMFS mission by "conducting ecosystem-based research and assessments of living marine
resources, with a focus on the Northeast Shelf, to promote the recovery and long-term sustainability of these
resources and to generate social and economic opportunities and benefits from their use." Results of NEFSC
research are largely reported in primary scientific media (e.g., anonymously-peer-reviewed scientific journals).
However, to assist itself in providing data, information, and advice to its constituents, the NEFSC occasionally
releases its results in its own media. Currently, there are three such media:

NOAA Technical Memorandum NMFS-NE -- This series is issued irregularly. The series typically includes: data reports of long-
term field or lab studies of important species or habitats; synthesis reports for important species or habitats; annual reports of overall
assessment or monitoring programs; manuals describing program-wide surveying or experimental techniques; literature surveys of
important species or habitat topics; proceedings and collected papers of scientific meetings; and indexed and/or annotated
bibliographies. All issues receive internal scientific review and most issues receive technical and copy editing.

Northeast Fisheries Science Center Reference Document -- This series is issued irregularly. The series typically includes: data
reports on field and lab studies; progress reports on experiments, monitoring, and assessments; background papers for, collected
abstracts of, and/or summary reports of scientific meetings; and simple bibliographies. Issues receive internal scientific review, but
no technical or copy editing.

Resource Survey Report (formerly Fishermen's Report) -- This information report is a quick-turnaround report on the distribution
and relative abundance of selected living marine resources as derived from each of the NEFSC's periodic research vessel surveys
of the Northeast's continental shelf. There is no scientific review, nor any technical or copy editing, of this report.

OBTAINING A COPY: To obtain a copy of a NOAA Technical Memorandum NMFS-NE or a Northeast Fisheries Science Center
Reference Document, or to subscribe to the Resource Survey Report, either contact the NEFSC Editorial Office (166 Water St.,
Woods Hole, MA 02543-1026; 508-495-2228) or consult the NEFSC webpage on "Reports and Publications" (http://
www.nefsc.noaa.gov/nefsc/publications/).

ANY USE OF TRADE OR BRAND NAMES IN ANY NEFSC PUBLICATION OR REPORT DOES NOT IMPLY
ENDORSEMENT.






